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(54) Method for replacement of existing pipes and devices for carrying out the method 



(57) A drawing device 4 is mounted in a drawing 
shaft 3, and pipe replacement device A connected with 
new pipes is arranged on the side of starting shaft 2, 
wherein the drawing device 4 and the pipe replacement 
device A is connected through pull-rods 5 inserted into 
existing pipes with each other. The pipe replacement 
device A is comprised of a cutting part 1 1 including cut- 
ter bodies 14 ( shanks 14a to 14i ) arranged in the axial 
direction and at angular intervals in the circumferential 
direction, an expanding part 12 having expanding roll- 
ers 18a to 18f, and a connecting part 13. Each cutter 
body 14 has a plurality of cutting edges, wherein dis- 
tances between the respective cutting edges and the 
center of the circle become larger in order from the for- 
ward side toward the backward side. While the pipe 
replacement device A is traveled in the inside of cast 
iron pipes, the inner wall of cast iron pipes is cut by the 
cutter bodies 14 to form grooves. Splitting of existing 
pipes into arc-shaped pieces 1a is made starting from 
the grooves. Arc-shaped pieces 1a are pressed into the 
ground, by which a tunnel 7 surrounded by arc-shaped 
pieces 1a and portions of consolidated earth is formed, 
while new pipes 6 are introduced into the tunnel 7, and 
besides the new pipes 6 are protected by protective 
armors formed of arc-shaped pieces 1a 
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Description 

BACKGROUND OF THE INVENTION 

(1 ) Field of the Invention 5 

This invention relates to a method for replacement 
of existing pipes for replacing cast iron pipes buried in 
the ground with new pipes, and a device for carrying out 
the method. 10 

(2) Description of the Prior Art 

Many pipelines, for example, such as gas service 
pipelines for supplying fuel gas, water service pipelines is 
for supplying service water and others, have been laid in 
the ground. Gas service pipelines have been built by a 
method in which steel pipes each having a given length 
are connected with each other through pipe joints such 
as sockets or welded with each other, or a method in 20 
which cast iron pipes are connected with each other 
through pipe joints. 

It is known that it is feared that if strong earthquake 
force is applied to the above-mentioned gas service 
pipelines made of steel pipes or cast iron pipes, a part 25 
of pipe joints or other parts are broken and so gas leak 
occurs to cause a big disaster. Therefore, as to gas 
service pipelines, it is carried out that steel pipes or cast 
iron pipes are replaced with pipes of synthetic resin hav- 
ing plasticity such as polyethylene and others or steel 30 
pipes whether large or small of the numbers of years 
which have passed since the gas pipelines were con- 
structed. 

There is a case where when existing pipes buried in 
the ground is replaced with new pipes, a method of con- 35 
struction in which a road is open-cut or trenched along 
existing pipes is employed. However, in this method of 
construction, there is a case where open-cutting of a 
road has a wrong effect on circumstances of traffic on 
the periphery of the road. Accordingly, recently, a 40 
method of construction has been proposed in which 
existing pipes are cut in the longitudinal direction into 
plural parts and expanded in the radial direction to form 
a tunnel, and then new pipes are introduced into the 
tunnel by which the existing pipes are replaced with new 45 
pipes. 

For example, an art disclosed in Japanese Patent 
Laid-Open No. 266185 of 1990 (Heisei 2) (first prior art) 
relates to "a device for replacing existing pipes with new 
pipes", which is comprised of a clamping means for so 
pushing inner walls of existing pipes, a notch-forming 
cutter for forming notches in the axial direction in the 
inner walls of pipes, a cylinder for traveling which is 
arranged so as to be able to extend and contract in the 
axial direction, and a pipe-expanding means for 55 
expanding the inner walls of pipes to split the inner walls 
along the notches, wherein the clamping means, the 
notch-forming cutter, the cylinder fa* traveling and the 



pipe-expanding means are connected with each other 
to stand in a line, and wherein new pipes are connected 
with the back portion of the pipe-expanding means. In 
this art, by operating the cylinder for traveling while 
pushing the inner walls of pipes through the clamping 
means, a function part connected with the cylinder for 
traveling behind the clamping means is traveled while 
notches are formed in the inner walls of pipes, the pipe- 
expanding means is moved so as to split the inner walls 
of pipes along the notches, and at the same times new 
pipes are introduced into the split inner walls of pipes. 
Namely, while the notch-forming cutter and the pipe- 
expanding means are moved forward intermittently into 
existing pipes in such a manner as a measuring worm, 
existing pipes are replaced with new pipes, in this art, it 
is said that it is possible to replace existing pipes with 
new pipes in one process, and this art can be applied to 
existing pipes including cast iron pipes. Further, an art 
disclosed in Japanese Patent Laid-Open No. 238509 of 
1994 (Heisei 6) (second prior art) relates to "an cutting 
and expanding tool", wherein a guide roller and a cutter 
are mounted on a supporting body along the longitudi- 
nal axial line thereof. In this art, bottom portions of main 
pipes are cut along the axial line of the pipes. Further, 
when an expander is connected with the supporting 
body, the main pipes which has been cut by the 
expander is expanded by the expander to form a tunnel 
wherein the expanded main pipes function as a roof. 

In the first prior art, a plurality of hydrawlic 
machines are used in the clamping means, the cylinder 
for traveling or the pipe-expanding means. Therefore, 
there are a problem that since the whole device is nec- 
essarily made oversized, this device cannot be applied 
to existing pipes having small inner diameter, and a 
problem that although it is possible to replace existing 
pipes with new pipes in one process, traveling of the 
device and traveling of new pipes are made in such a 
manner as measuring worm so that a lot of time is 
required for construction per unit length. 

Particularly, when replacing existing pipes now in 
use represented by them of gas service pipelines with 
new pipes, it is indispensable for the replacement of 
existing pipes with new pipes to be earned out in such a 
short time that influence upon each home is not exerted 
seriously. Therefore, it is important how long length of 
existing pipes can be replaced with new pipes per unit 
time. Further, in the second prior art, the supporting 
body is connected with the expander, the supporting 
body and the expander are arranged into main pipes, 
and traveled continuously, by which cutting and expand- 
ing of the main pipes are carried out When the second 
prior art is applied to steel pipes, good results can be 
got. On the other hand, when the second prior art is 
applied to cast iron pipes having lower elastic modules 
as compared with that of steel pipes, there is a problem 
that splitting of walls of pipes in the axial direction is 
possible, but main pipes made of cast iron are broken to 
pieces in an uncontrolled condition when the main pipes 
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made of cast iron are expanded. 

Further, in the second prior art, there is a problem 
that since new pipes are restricted to pipes having outer 
diameters which allows pipes to be inserted into main 
pipes which have been expanded along the axial direc- 
tion, it is impossible replace existing pipes with a new 
pipeline having larger outer diameter as compared with 
that of the existing pipes. 

Furthermore, from what inventors of this invention 
made an experiment, it has become clear that in case of 
forming grooves in inner walls of cast iron pipes, 
grooves cannot be formed in inner walls of cast iron 
pipes merely by rotary cutter being arranged. Namely, in 
this case, rotary cutters should be driven actively. 
Therefore, there is a problem that in case of the existing 
pipes having small inner diameter, rotary cutters cannot 
be applied for forming the driving system. 

BRIEF SUMMARY OF INVENTION 

Accordingly, it is an object of the present invention 
to provide a method of replacement of existing pipes in 
which it is possible to replace existing pipes made of 
cast iron buried in the ground with new pipes having the 
same inner diameter as that of the existing pipes or 
larger inner diameter than that of the existing pipes 
whether large or small of inner diameter of existing 
pipes, and existing pipes split in the longitudinal direc- 
tion can be used for components of new pipeline. 

It is another object of the present invention to pro- 
vide a pipe replacement device for carrying the above- 
mentioned method. 

In order to achieve the above-mentioned object, a 
method for replacement of existing pipes buried in the 
ground with new pipes is characterized in that the 
method comprises the steps of: inserting cutting means 
including cutter bodies into the inside of existing pipes, 
wherein the cutter bodies are arranged at angular inter- 
vals in the circumferential direction and each of the cut- 
ter body has cutting edges arranged in a line and 
positioned in such a manner that distances between the 
respective cutting edges and the center of the circle 
become larger in order from the forward side toward the 
backward side of the cutting means; traveling the cutter 
means from the forward side toward the backward side 
of the existing pipes in the existing pipes, thereby form- 
ing a plurality of grooves running in the axial direction of 
the existing pipe, and traveling, following the cutting 
means, a plurality of expanding rollers which are 
arranged at axial intervals and positioned between cut- 
ter bodies being adjacent to each other in the circumfer- 
ential direction, thereby splitting, starting from the 
grooves, the existing pipes into a plurality of arc-shaped 
pieces continuing in the longitudinal direction and 
pressing the arc-shaped pieces into the ground while 
deflecting them within the limit of elasticity of material of 
existing pipes in such a direction that distances 
between the respective arc-shaped pieces and the 



center of the existing pipes can be made larger from the 
forward side toward the backward side of the existing 
pipes, by which a space surrounded by the arc-shaped 
pieces and portions of consolidated ground can be 

5 formed; and introducing new pipes into the spaces, by 
which the new pipes can be buried while protective 
armors formed of the arc-shaped pieces are arranged 
around the buried new pipes. 

In the above-mentioned method of replacement of 

10 existing pipes, cutting means including cutter bodies is 
inserted into existing pipes, wherein the cutter bodies 
are arranged at angular intervals in the circumferential 
direction and each of the cutter body has cutting edges 
arranged in a line and positioned in such a manner that 

15 distances between the respective cutting edges and the 
center of the circle become larger in order from the for- 
ward side toward the backward side of the cutting 
means. The inner wail of the existing pipes are cut by 
moving forward the cutting means so that the grooves 

20 can be formed and grown. Further, the existing pipes 
are split starting from the grooves through expanding 
means following the expanding means so that a plurality 
of arc-shaped pieces can be formed. 

The above-mentioned arc-shaped pieces acts as 

25 cantilevers having, as supporting points, connecting 
points of the arc-shaped pieces with the existing pipes 
(starting points at which a change is made from the 
existing pipes into arc-shaped pieces). Therefore, by 
applying to arc-shaped pieces a force in such a direc- 

30 tion that radius of a circle formed of arc-shaped pieces 
can be increased according to the radial positions of 
expanding rollers, deflection within the limit of elasticity 
of material of the existing pipes can be produced. As a 
result, arc-shaped pieces are pressed into the ground 

35 against the earth pressure, and at the same times earth 
in spaces between arc-shaped pieces being adjacent to 
each other are pushed out so that the ground can be 
consolidated, and a space protected by armors formed 
of arc-shaped pieces and portions of consolidated 

40 ground (tunnel) can be formed. Accordingly, by intro- 
ducing new pipes into the tunnel, replacement of exist- 
ing pipes with new pipes can be made. 

In the above-mentioned method, since existing 
pipes are split into a plurality of arc-shaped pieces being 

45 adjacent to each other in the circumferential direction, it 
is unnecessary to further expand a circle formed of arc- 
shaped pieces into which existing pipes have been split. 
Expanding of a circle formed of arc-shaped pieces can 
be made by merely-producing deflection within the limit 

so of elasticity of material of the existing pipes in the longi- 
tudinal direction. 

In the method of replacement of existing pipes it is 
desirable that expanding of existing pipes with the 
grooves in the diametral direction perpendicularly to the 

55 grooves is made so that the existing pipes can be split 
starting from the grooves, while splitting of joints of the 
existing pipes, sleeves for branch pipes or repairing 
parts is made by rotary cutters positioned correspond- 
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ing to the grooves, in such a manner, by expanding the 
existing pipes with the grooves in the diametral direction 
perpendicularly to the grooves, splitting of the existing 
pipes starting from the grooves can be made, and split- 
ting of joints of the existing pipes, sleeves for branch s 
pipe or repairing parts can be made by rotary cutters 
positioned corresponding to the grooves. 

Further, a pipe replacement device of the present 
invention is characterized in that the device is traveled in 
the existing pipes to be replaced in such a manner that 10 
the existing pipes can be split in the longitudinal direc- 
tion into a plurality of arc-shaped pieces, the arc-shaped 
pieces are pressed into the ground so as to form a 
space surrounded by a plurality of the arc-shaped 
pieces and portions of consolidated ground, and then 75 
introducing of new pipes into the space is made, the 
pipe replacement device comprising cutting means 
arranged on the forward side of the device, an expand- 
ing means following the cutting means, and a connect- 
ing means following the expanding means, wherein the 20 
cutting means is provided with cutter bodies, each of the 
cutter bodies including a plurality of cutting edges 
arranged in a line, and the cutter bodies being posi- 
tioned at angular intervals in the circumferential direc- 
tion, wherein distances between the respective cutting 25 
edges and the center of the circle become larger in 
order from the forward side toward the backward side of 
the cutting means, and the expanding means has 
groups of expanding rollers, the groups of expanding 
rollers being arranged at axial intervals and positioned 30 
between cutter bodies being adjacent to each other in 
the circumferential direction, wherein expanding rollers 
positioned on the forward side out of the groups of 
expanding rollers can split the existing pipes into a plu- 
rality of arc-shaped pieces continuing in the longitudinal 35 
direction, while deflecting the arc-shaped pieces within 
the limit of elasticity of material of the existing pipes 
centering on points being away from the arc-shaped 
pieces toward the outside thereof, and wherein the con- 
necting means has a chuck for connecting the expand- 40 
ing means with the pipes. 

In the above-mentioned pipe replacement device, 
since distances between a center of the cutter bodies 
and tips of cutting edges become larger in order from 
the forward side toward the backward side of the cutting 45 
means, the grooves can be formed and grown in the 
inner walls of the existing pipes. Further, arc-shaped 
pieces can be deflected centering on points being away 
from the arc-shaped pieces toward the outside thereof 
in such a direction that radius of a circle formed of arc- 50 
shaped pieces can be increased, and then the arc- 
shaped pieces deflected outward can be deflected 
inward centering on points being away from the arc- 
shaped pieces toward the inside of the existing pipes, 
through expanding rollers following the expanding roll- ss 
ers positioned on the forward side. 

Accordingly, while traveling the pipe replacement 
device in the existing pipes, splitting of the existing pipes 
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into arc-shaped pieces, deflecting of the arc-shaped 
pieces, pressing of the deflected arc-shaped pieces into 
the ground and consolidation of the ground are carried 
simultaneously so that a tunnel can be formed. Further, 
by connecting of new pipes with the pipe replacement 
device through the chuck provided at the connecting 
means, the formation of tunnel and drawing of new 
pipes into the tunnel can be simultaneously so that new 
pipes can be buried, and besides a plurality of the arc- 
shaped pieces as protective armors arranged around 
new pipes are made come closely into contact with the 
outside of new pipes under the influence of the ground 
as the time proceeds so that a new pipeline can be 
formed of new pipes and protective armors which are 
arranged around the new pipes. Accordingly, even if 
synthetic resin pipes having plasticity such as polyethyl- 
ene pipes, polyvinyl chloride or steel pipes are used for 
new pipes, a stout pipeline protected by protective 
divided pieces of cast iron pipes can be formed, and 
besides since arc-shaped pieces are located leaving 
gaps between arc-shaped pieces being adjacent to 
each other in the circumferential direction around new 
pipes, pliability of new pipes are not damaged, or a new 
pipeline can have higher strength than that of the exist- 
ing pipeline. 

In the above-mentioned pipe replacement device, it 
is desirable that each of the cutter bodies comprises a 
plurality of plate-like shanks arranged coaxialiy wherein 
carbide tips are planted on the outside of the respective 
shanks at angular interval in the circumferential direc- 
tion to form the cutting edges and distances between a 
center of the respective shanks and tips of the cutting 
edges on the respective shanks differ from each other, 
wherein the' shanks are mounted on a main body in 
such a manner that distances between a center of the 
main body and tips of the respective cutting edges 
become larger in order from the forward side toward the 
backward side of the main body and a plurality of cutter 
bodies, each of the cutter bodies having the cutting 
edges arranged in a line are formed, by which the cut- 
ting means are formed of the catting bodies, or that the 
cutting bodies comprise continuous cutting edges 
formed in such a manner that distances between a 
center of the cutting means and tips of the cutting edges 
become larger in order from the forward side toward the 
backward side of the cutter bodies and wherein the con- 
tinuous cutting edges are mounted in a main body at cir- 
cumferential intervals to form the cutting means. 

In case of any of the above-mentioned cutter bod- 
ies, grooves can be formed by cutting the inner walls of 
existing pipes step by step by the respective cutting 
edges. 

In the above-mentioned pipe replacement device, it 
is desirable that the cutter bodies are provided with side 
expanding rollers on the backward side of the cutter 
bodies, the side expanding rollers expanding the exist- 
ing pipes in the diametral direction in such a manner 
that the width of groove positioning along a line inter- 



4 



7 



EP0 872 679A1 



8 



secting perpendicularly to the diametral direction can be 
increased, wherein the side expanding rollers are pro- 
vided with rotary cutters for splitting of joints the existing 
pipes, sleeves for branch or replacing parts at the back- 
ward side of the side expanding rollers. In such a man- 
ner, by side expanding rollers and rotary cutters 
provided in the pipe replacement device, the existing 
pipes having a plurality of the grooves in the inner walls 
thereof can be split into arc-shaped pieces, and besides 
joints of the existing pipes for connection of existing 
pipes, sleeves for branch pipe used for making existing 
pipe branch off into branch pipe, or repairing parts 
attached to existing pipe for repairing existing pipe can 
be split by applying great force in the diametral direction 
which corresponds to the arrangement direction of the 
side expanding rollers to the joints of the existing pipes, 
sleeves for branch pipe, or repairing parts, and thereaf- 
ter cutting the joints of the existing pipes, sleeves for 
branch pipe, or repairing parts by rotary cutters. 

It is desirable that each of the side expanding rollers 
has cylindrical surface in central portion in the direction 
of the thickness of the outer surface of each side 
expanding roller and curved or tapered surfaces adja- 
cent to the cylindrical surface on upper and lower sides 
of the cylindrical surface, and wherein the curved or 
tapered surfaces are brought into contact with the inner 
wall of the existing pipes, while the cylindrical surfaces 
of the side expanding rollers are brought into contact 
with each other. By forming the side expanding rollers 
as mentioned hereinabove, while a pair of rollers form- 
ing side expanding rollers are brought into contact with 
each other in a stable state, a force can be applied to 
existing pipes. 

Further, in the above-mentioned pipe replacement 
device, it is desirable that the expanding means has a 
tapered main body, a plurality of the expanding rollers 
are arranged about a point on an axial center line, each 
of the expanding rollers has a circumferential surface 
and both tapered laterals adjacent to the circumferential 
surface, said circumferential surface is brought into con- 
tact with the inner wall of the existing pipes while the 
tapered laterals are brought into contact with each 
other. By forming a plurality of expanding rollers as 
mentioned hereinabove, when deflection is produced in 
arc-shaped pieces into which existing pipes have been 
split, force such as the ground pressure and force 
needed for deflecting arc-shaped pieces applied on 
each expanding rollers can be supported to each other. 
Therefore, the expanding rollers can show enough high 
strength, even when supporting shafts of the expanding 
rollers so that smooth rotation of the expanding rollers 
can be achieved. Further, in the above-mentioned pipe 
replacement device, it is desirable that the pipe replace- 
ment device comprises guides for adjusting a space 
between arc-shaped pieces formed of by splitting of the 
existing pipes while a circle formed of the adjacent arc- 
shaped pieces are expanded, at positions which corre- 
sponds to the positions of the cutting edges of the cut- 



ting means, on the outside of the tapered laterals. By 
such a guide provided in the device, while expanding a 
circle of arc-shaped pieces by the expanding means, 
pressing of arc-shaped pieces into the ground can be 
5 made with keeping equally the distance between arc- 
shaped pieces being adjacent to each other. 

BRIEF DESCRIPTION OF THE DRAWINGS 

w In the drawings: 

Fig. 1 is a view for showing the procedure for carry- 
ing out a method for replacement of existing pipes 
according to an example of the present invention; 

15 Fig. 2 is a top view of a drawing shaft; 

Fig. 3 is a view for showing the relation between the 
construction of the pipe replacement device and 
existing pipes regarding the first embodiment; 
Fig. 4 is a top view showing the state of Fi. 3; 

20 Figs. 5 (a), (b) are sectional views taken in V-a, and 
in V-b of Fig. 3, respectively, for showing the con- 
struction of a cutting means; 
Fig. 6 is a view for showing the process of forming 
grooves in walls of existing pipes by the cutting 

25 means; 

Figs. 7 (a), (b) are sectional view taken in Vll-a, and 
in Vll-b of Fig. 3, respectively, for showing the 
arrangement of expanding rollers against the cir- 
cumference of existing pipes; 

30 Rg. 8 is a sectional view taken in VIII of Fig. 3, for 
showing the relation between existing pipes and 
guides: 

Rg. 9 is a sectional view taken in IX of Rg. 3; 
Rg. 10 is a sectional view taken in X of Rg. 3; 
35 Rg. 1 1 is a view for explaining the direction of 
deflection of when deflecting arc-shaped pieces 
into which existing pipes are cut and the principle 
thereof; 

Figs. 12 (a), (b) are sectional views for showing the 
40 state of new pipe being buried; 

Rg. 13 is a sectional view of expanding parts 
wherein the expanding parts are arranged in six 
angular positions into which the circumference is 
divided; 

45 Rgs. 14 (a), (b) are sectional views for explaining 
the state of new pipe being buried; and 
Figs. 15 are views for explaining the construction of 
another example of cutting means. 
Rg. 16 is a view for explaining the construction of a 

so pipe replacement device regarding the second 
embodiment. 

Rgs. 17 are views for explaining joint section, 
namely sectional views at line XVII-a and XVII-b. 

55 DETAILED DESCRIPTION 

A method for replacement of existing pipes and a 
pipe replacement device according to the present inven- 
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tion become possible to carry out a construction of 
replacing cast iron pipes of existing gas pipeline having 
the small diameter of about 75A to 200 A with new pipes 
having the same inner diameter as that of the above- 
mentioned pipes or having inner diameter being above 
one rank higher than that of the above-mentioned pipes, 
wherein it is possible to achieve high drawing velocities 
of the device without requiring high power. 

In this example, a case where cast iron pipes of gas 
service pipeline are replaced with synthetic resin pipes 
having plasticity is explained. However, this invention is 
not limited to this example. For example, this invention 
can be applied for cast iron pipes of service water pipe- 
line having the fixed lining on the inside thereof. Further, 
in this invention, steel pipes can be also used for new 
pipes. 

In the drawings, a starting shaft 2 and a drawing 
shaft or arrival shaft 3 are provided at given positions in 
a gas service pipeline made of cast iron pipes 1 wherein 
the positions are set at a distance from each other 
according to a replacement length that construction of 
replacement is possible within a time belt without exert- 
ing a bad influence upon life of residents. A drawing 
device 4 is arranged in drawing shaft 3. First, pull-rods 5 
drawn by drawing device 4 are inserted into the inside of 
cast iron pipes 1 . Pipe replacement device A of the first 
embodiment is connected with a front end of the pull- 
lods 5. Further, polyethylene (PE) pipes 6 as new pipes 
(replacement pipes ) are connected with pipe replace- 
ment device A. 

Then, pull-rods 5 are drawn toward drawing shaft 3 
by operating drawing device 4 so that tractive force is 
given to pipe replacement device A, by which the pipe 
replacement device A is moved forward in cast iron 
pipes A. Together with this movement of replacement 
device A, cast iron pipes 1 are split into a plurality of arc- 
shaped pieces ( arc-shaped pieces 1a as shown in Fig. 
6 ), while the arc-shaped pieces 1a are deflected in 
such a direction that the radius of a circle formed of arc- 
shaped pieces is increased so that tunnel 7 with an 
inner diameter sufficiently larger than cast iron pipes 1 
and having a surrounding wall made of a plurality of arc- 
shaped pieces 1a and consolidated earth can be 
formed while pushing the arc-shaped pieces 1a into the 
earth, by which a new pipeline can be formed of PE 
pipes wherein a plurality of arc-shaped pieces 1a are 
arranged around the PE pipes as protective armors as 
mentioned hereinafter. 

Starting shaft 2 and drawing shaft 3 are provided by 
excavating both shaft 2, 3 from the ground. End portion 
of cast iron pipes 1 is cut in such a situation that the end 
portion thereof projects into the starting shaft 2 from the 
wall of starting shaft 2, while a guide 1b for drawing of 
pipe replacement device A is attached to the cast iron 
pipe 1 on the side of starting shaft 2. Further, drawing 
device 4 is attached to the cast iron pipe 1 on the side of 
drawing shaft 3. 

Drawing device 4 is comprised of frames 4a each 



having gearing part (not shown in the drawings) such as 
ball-type screw therein wherein the frames are arranged 
in parallel with each other, a front platen or front end 
plate 4b wherein one end portions of the frames 4a are 

5 connected with the front platen 4b, a pipe fixture 8 
mounted at the center of the front platen 4b wherein one 
end portion of cast iron pipe 1 is securely attached to 
the pipe fixture 8 and pull-rod 5 is inserted into the pipe 
fixture 8, a rear platen or rear end plate 4c wherein the 

10 other end portion of the frames 4a are connected with 
the rear platen and the rear platen 4c is formed leaving 
a space through which pull-rod 5 can pass, a motor 4d 
mounted on the frame 4a, gearing system (not shown in 
the drawings) for transmitting rotation of the motor 4d to 

is the ball-type screw, and a rod fixture 4e arranged 
between two frames 4a wherein the rod fixture 4e is 
engaged with the pull-rod (coupler 5a) so that the pull- 
rod 5 can be securely attached to the rod fixture 4e. 
Drawing device 4 is mounted within drawing shaft 3 

20 and adjusted in such a level that traveling path of rod fix- 
ture 4e is nearly consistent with the axial line of cast iron 
pipes 1. Therefore, two platens 4b, 4c are provided with 
jacks 9 for adjustment of level. Further, front platen 4b is 
provided with a pair of outriggers 10, which receives a 

25 reaction force when drawing pull-rods 5. 

A pull-rod 5 has a length which corresponds to a 
stroke of rod fixture 4e in drawing device 4 or is shorter 
than the stroke, and has the strength which makes pos- 
sible to transmit driving force generated in motor 4d to 

30 pipe replacement device A. The pull-rods 5, which are 
connected with each other through couplers 5a and 
inserted into the inside of cast iron pipes 1, wherein a 
front end of the pull-rods is connected with pipe replace- 
ment device A, and a rear end of the pull-rods is fixed to 

35 rod fixture 4e of drawing device 4. 

The structure of pipe replacement device A of the 
first embodiment is explained concretely as follows. As 
shown in Fig. 3, pipe replacement device A is com- 
prised of a cutting part 1 1 as cutting means in which a 

40 plurality of grooves 1b are formed in the inner wall of 
cast iron pipes 1 , and the cast iron pipes are split start- 
ing from the grooves 1 1 into arc-shaped pieces 1a. an 
expanding part 12 as expanding means in which arc- 
shaped pieces 1a are deflected, pressed into the 

45 ground while consolidating the ground, and connecting 
part 13 as connecting means for connecting PE pipes 6 
as new pipes with the pipe replacement device. 

In Fig. 3, section of expanding part 12 in region X of 
Fig. 3 is shown as sectional view taken in X-X of Figs. 9 

so and 10, section of expanding part 12 in region Y is 
shown as sectional view in Y-Y of Fig. (a), and section of 
expanding part 12 in region Z is shown as sectional 
view taken in Z-Z of Fig. 7 (b). In the region X, side 
expanding roller 20 and rotary cutter 14j are arranged, 

55 and the region X is a region for achieving surely the 
splitting of cast iron pipes 1. Further, the region Y is a 
region for deflecting arc-shaped pieces 1a in such a 
direction that inner diameter of cast iron pipes 1 are 
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increased to press arc-shaped pieces 1a into the 
ground. Further, the region Z is a region for returning 
the deflected arc-shaped pieces 1a to the state where 
the arc-shaped pieces 1 a are not deflected to run paral- 
lel to the center line of cast iron pipes. 

A main body 11a of the cutting part 11 is provided 
with a plurality of cutter bodies 14. The cutter bodies 14 
includes a plurality of plate-like shanks 14a to 14i, which 
are mounted on the main body 1 4 in such a manner that 
turning of the shanks about the main body 1 1 a is impos- 
sible. As shown in Figs. 4 and 5, each of shanks 14a to 
14i is formed into a nearly square shape, wherein car- 
bide tip is planted at each apex of each shank to form 
cutting edge 15a. Further, shanks 14a to 14i are formed 
in such a manner that the lengths of diagonal lines of 
shanks 14a to 14e become larger in order from shank 
14a to shank 14i, wherein each shank has a hole 15b 
for attaching the shank to main body 11a and key seat 
15c for locating. Accordingly, shank 14a is disposed on 
the forward side of main body 1 1 a ( on the side of main 
body 1 1a to which pull-rod 5 is attached ), and shanks 
14b to 14i are disposed in order toward the backward 
side of main body 1 1a, by which it is possible to form a 
plurality of cutting edges 15a in cutting part 1 1 wherein 
cutting edges 15a are arranged in a line and positioned 
at positions set on a circle at regular angular intervals in 
such a manner that distances between tips of the 
respective cutting edges and a center of the main body 
becomes larger in order from the forward side toward 
the backward side. 

A process for forming grooves in the inner wall of 
cast iron pipes 1 (thickness of wall 9 mm) is explained 
referring to Figs. 5 and 6. Shanks 1 4 a to 1 4 i are formed 
in such a manner that the distance between tips of the 
respective cutting edges 15a and a center of main body 
11a becomes larger in order from the forward side 
toward the backward side. First shank 14a disposed at 
the most forward side is formed such that the diameter 
of a circle connecting tips of cutting edges 15a is nearly 
equal to the inner diameter of cast iron pipes 1 when 
first shank 15a is mounted on main body 11a. Second 
shank 14b is formed into such a size that the diameter 
of a circle connecting tips of cutting edges 15a enables 
for cutting edges 15a to cut the wall of cast iron pipes 
15a with the depth of cut of nearly 1mm. Further, third 
shank 14c is formed into such a size that the diameter 
of a circle connecting tips of cutting edges 14a enables 
for cutting edges 15a to cut the wall of cast iron pipes 
15a with the depth of cut of nearly 2 mm. Further, fourth 
shank I4d is formed into such a size that the diameter 
of a circle connecting tips of cutting edges 14d enables 
for cutting edges 15a to cut the wall of cast iron pipes 
15a with the depth of cut of nearly 2 mm. In such a man- 
ner, the wail of cast iron pipes 1 are cut deeper in order 
and grooves 1b are grown. 

Side expanding rollers 20 shown in Fig. 9 are 
arranged behind shank 141, and rotary cutters 14j 
shown in Fig. 10 are arranged behind the side expand- 



ing roller 20. 

Side expanding rollers 20 are comprised of two roll- 
ers arranged in the diametral direction of cast iron pipes 
1 so that cast iron pipes 1 can be split starting from 

5 grooves 1 b formed along a line intersecting perpendicu- 
larly to the diametral direction of cast iron pipes 1 into 
arc-shaped pieces, by giving a force in the diametral of 
cast iron pipes 1 to expand cast iron pipes 1. The 
above-mentioned two rollers has a cylindrical surface in 

10 a central part in the direction of the thickness on the 
outer side thereof, and both curved or tapered surfaces 
adjacent to the cylindrical surface on the upper and 
lower sides thereof. The cylindrical surface is brought 
into contact with each other, while the tapered surfaces 

is are brought into contact with the inner wall of cast iron 
pipe 1. Accordingly, side expanding rollers 20 are 
brought into contact with cast iron pipe 1 at four points, 
by which a force of the diametral direction can be given 
to cast iron pipes 1 so that cast iron pipes 1 can be 

20 securely split into arc-shaped pieces. 

Rotary cutters 14j are comprised of a pair of rotary 
cutting edges, which are arranged in the direction inter- 
secting perpendicularly to the direction of force given to 
cast iron pipes 1 by side expanding rollers 20. This 

25 rotary cutter 14j are provided for splitting joints such as 
sockets for connecting cast iron pipes with each other, 
split sleeves (or split clamps) 16 as sleeves for branch 
pipe used for connecting a branch pipe with cast iron 
pipe 1, or replacing parts used for repairing partially a 

30 cast iron pipe, wherein rotary cutters 14i are formed in 
such a manner that a size of a line connecting a pair of 
rotary cutting edges become larger than the outer diam- 
eter of cast iron pipes 1. 

As mentioned hereinabove, side expanding rollers 

35 20 and rotary cutters 14j are arranged in the directions 
intersecting perpendicularly to each other and continu- 
ously, so that a force of the direction intersecting per- 
pendicularly to the direction of splitting of cast iron pipes 
1 by rotary cutters 14j is given to cast iron pipes 1 and 

40 split sleeve 1 6 by side expanding rollers 20, by which as 
shown in Fig. 12 (a), it is possible to split cast iron pipes 
1 , joints, split sleeves 16, and repairing parts. 

If cutting part 1 1 formed as mentioned hereinabove 
is traveled in the inside of cast iron pipes 1, cutting 

45 edges 1 4 provided on shank 14a arranged on the most 
forward side act as a guide so that it is possible to coin- 
cide the axis of main body 1 1a with the axis of cast iron 
pipe 1 . Then grooves 1b are formed in the inner wall of 
cast iron pipes 1 by cutting edges provided on shanks 

so 1 4b to 1 4i following first shank 1 4a, and the grooves 1 b 
are grown deeper in order. Further, it is possible to 
surely split cast iron pipes 1 into arc-shaped pieces, and 
besides to spirt sleeves 16 having the diameter larger 
than that of cast iron pipes 1 , by rotary cutters 14i pro- 

55 vided (on a main body 1 2a of expanding part 1 2) behind 
shank 14i. 

Expanding part 12 comprises a tapered main body 
12a. A plurality of expanding rollers 18a to 18f are 
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arranged rotatably at preset intervals in the axial direc- 
tion and between cutting edges 14 on the outer side of 
the main body 12a. The diameters of expanding rollers 
18a to 18e become larger in order corresponding to the 
taper or inclination of main body 12a from the forward s 
side (the side of cutting part 11) toward the backward 
side (the side of connecting part 13), by which the 
expanding part 12 is formed so as to be able to deflect 
arc-shaped pieces 1a into a given shape. 

Expanding rollers 1 8a to 1 8f disposed from the for- 10 
ward side toward the backward side are composed of 
four rollers, respectively, wherein the circle connecting 
tips of the rollers of each expanding roller 18a to 18f 
becomes larger in order, and expanding rollers 18e and 
1 8f are equal to the desired inner diameter of tunnel 7. 15 

Four rollers forming each expanding rollers 18a to 
1 8f are supported rotatably on shaft 1 9 attached to main 
body 12a. A central part of the outer surface of each 
roller in the direction of the thickness is formed into the 
curved shape corresponding to the inner wall of cast 20 
iron pipes 1, and both sides (laterals) of the central 
parts are formed into tapered parts. Further, four rollers 
can be rotated while the tapered parts of the outer sur- 
faces of four rollers are brought into contact with each 
other. By such a structure, it is possible that forces given 25 
to the individual rollers compensate each other when 
expanding arc-shaped pieces 1a. 

Existing pipes 1 are split from positions of shank 
14i. Namely, on the backward side of shank 14i, arc- 
shaped pieces 1a are formed into cantilever-like pieces 30 
having supporting points at the position of shank 14i. 
Further, expanding rollers 18a, 18b arranged on the 
upper course in expanding part 12 are arranged on the 
circular arc having a center Oa positioning on the outer 
side of existing pipe 1 , while expanding rollers 18c, 18d 35 
are arranged on the circular arc having a center Oa 
positioning on the inner side of existing pipe 1 . 

Expanding rollers 18a, 18b perform the function of 
producing deflection 8 in arc-shaped piece 1a in such a 
direction that the radius of existing pipe is increased, by 40 
which it is possible to apply concentrated load which 
can resist against the ground pressure, to expanding 
rollers 1 8a, 1 8b while traveling pipe replacement device 
A. 

The above-mentioned deflection 8 of arc-shaped 45 
pieces can be introduced by the equation: 
8 = (WI 3 )/(3EI), and radius of curvature R can be 
introduced by the equation: R =(EII)/M . In the above- 
mentioned two equations, W is load applied to arc- 
shaped pieces by expanding rollers 18a, 18b, I is the so 
distance between shank 14i and expanding roller 18a 
and the distance between expanding rollers 18a, and 
18b, E is modules of longitudinal elasticity, I is moment 
of inertia of area, and M is bending moment given to 
arc-shaped piece 1 a. 55 

The deflection 6 produced in arc-shaped pieces 1a 
is needed to be within the limit of elasticity of cast iron of 
material of existing pipe. In cast iron pipes 1, if the 



amount of deflection becomes larger, a fear of cast iron 
pipe being broken increases. Further, when arc-shaped 
pieces 1a are broken, it becomes difficult to protect sat- 
isfactorily the tunnel formed of new pipes in the ground 
by arc-shaped pieces 1a. 

Expanding rollers 18b to 18d produce the function 
of positioning arc-shaped pieces 1a at a circular pitch 
on the circle corresponding to the desired tunnel 7a, 
and pressing each arc-shaped piece 1a into the ground 
so as to consolidate the circumferential earth. Namely, 
the ground pressure applied to arc-shaped pieces 1a, in 
which the deflection is produced in the direction of 
expanding of the circle connecting arc-shaped pieces 
1a, produces the deflection which makes the arc- 
shaped pieces 1a parallel to the center line of original 
cast iron pipes 1 . In this case, the uniformly distributed 
load w of the ground pressure is applied to arc-shaped 
pieces 1 a. Accordingly, the deflection 5 W of arc-shaped 
pieces 1a can be introduced by the equation: 
w=(wl 4 )/(8EI). 

The tapered angle of a line connecting tips of 
expanding rollers 18a to 18f in expanding part 12 can- 
not be unitarily determined. It is determined in such a 
manner that the deflection of arc-shaped pieces 1a is 
within the limit of elasticity. Namely, the tapered angle is 
determined suitably according to material of existing 
pipes to be replaced. 

Connecting part 13 is provided on the main body 
12a of expanding part 12. The connecting part 13 is 
comprised of chuck 13 for holding a front end of PE 
pipe. 

Guides 17, which are formed in the main body 12a 
of expanding part 12, are provided on the backward 
side of shanks 14f to 14i of cutting part 1 1 . This guides 
17 are formed into wedge so as to accommodate a 
change of the distance between arc-shaped pieces 1a 
according to expanding of the circle connecting arc- 
shaped pieces by expanding rollers 18a to 18e. Further, 
the diameter of the circle connecting upper surfaces 
1 7a of guides 1 7 is determined to be nearly equal to the 
value of the diameter of the desired tunnel 7 regardless 
of the taper of the main body 12a of expanding part 12. 
Namely, upper surfaces 17a of guides 17 is formed par- 
allel to the axis of main body 12a. 

A case where cast iron pipes 1 of gas service pipe- 
line are replaced with PE pipes by means of the pipe 
replacement device formed as mentioned hereinabove 
is explained. An end of pull-rods 5, which are inserted 
into the inside of cast iron pipes 1 are connected with 
the main body 1 1 a of cutting part 1 1 , and PE pipes are 
connected with connecting part 13. 

Then, pull-rods 5 are drawn toward the side of 
drawing shaft 3 by driving drawing device 4 so that pipe 
replacement device A is traveled together with drawing 
by drawing device 4. While pipe replacement device A is 
traveled, the inner walls of cast iron pipes 1 are cut by 
cutting edges 1 5a provided on shanks 1 4a to 1 4i so that 
grooves 1b are formed, the cast iron pipes 1 are split 
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staring from the grooves 1b into a plurality of arc- 
shaped pieces 1a. 

Together with the following traveling of pipe replace- 
ment device A, cast iron pipes 1 are split surely into a 
plurality of arc-shaped pieces 1a. and the deflection of 
arc-shaped pieces 1a is produced in the direction of 
expanding of the radius of the circle connecting arc- 
shaped pieces within the limit of elasticity by expanding 
rollers 18a to 18e. As a result, arc-shaped pieces are 
pressed into the ground, respectively, by which the cir- 
cumferential ground is consolidated . Namely, the 
ground against arc-shaped pieces 1a is guided by arc- 
shaped pieces 1a, and earth between arc-shaped 
pieces 1a is guided by upper surfaces 17a of guide 17, 
so that the ground around arc-shaped pieces and earth 
is consolidated firmly, by which a tunnel 7 surrounded 
by the ground and arc-shaped pieces 1a is formed. 
Together with the forming of tunnel 7, PE pipes 6 con- 
nected with connecting part 13 are drawn into the tunnel 
7. 

TTien the state immediately after laying of PE pipes 
and the state after the considerable lapse of time are 
shown in Fig. 12. In the state immediately after laying of 
PE pipes, as shown in Fig. 12(a), there are gaps 21 
between the inside of split and expanded split sleeves 
and arc-shaped pieces 1a and the outside of PE pipes. 
However, together with the lapse of time, arc-shaped 
pieces 1a are made come closely into contact with PE 
pipes under the ground pressure as shown in Fig, 12 
(b), so that arc-shaped pieces 1a made of cast iron dis- 
posed around PE pipes 6 at the same pitch are held 
together as a unit with PE pipes, by which a pipeline 
composed of PE pipes protected by protective armors 
formed of arc-shaped pieces can be formed. 

As mentioned hereinabove, the strength of pipe- 
lines against the ground pressure can be improved by 
protecting PE pipes by a plurality of arc-shaped pieces 
1a made of cast iron. Particularly, since the protective 
armor formed of a plurality of arc-shaped pieces 1a is 
provided along a pipeline made of PE pipes, when car- 
rying out the open-cut construction round laid PE pipes, 
for example, by means of back-hoe, PE pipes can be 
protected from claws of back-hoe. 

Thereafter, after unit length of pull-rods 5 are drawn 
by drawing device 4, the pull-rods 5 are detached from 
coupler 5a. Then, rod fixture 4e are moved from the 
backward side toward the forward side. When the rod 
fixture 4e is arrived at the forward position, coupler 5a is 
attached to the next pull rods, and the following drawing 
of pipe replacement device A toward drawing shaft 3 is 
carried out At the time when pipe replacement device A 
is arrived at drawing shaft 3, cast iron pipes 1 between 
starting shaft 2 and arrival shaft 3 are replaced with new 
pipes 1. 

In the above-mentioned example, cutting part 11 
and expanding part 12 are disposed at four points on a 
circle that divides the circle into four equal circumferen- 
tial parts. However, this invention cannot be limited into 



the number of dividing of the circle. It is possible to 
increase or decrease suitably the number of dividing of 
the circle according to the condition of the diameter, 
material and others of existing pipes 1 . Further, when a 

5 circle is divided, it is not necessary to divide a circle into 
equal circumferential parts, however it is possible to 
divide a circle into unequal circumferential parts. 

For example, Figs. 13 and 14 shows sectional 
views of cutting parts 11 and expanding parts 12 in 

w which the outer sides of cutting parts 1 1 and expanding 
parts 12 are divided into six equal circumferential parts. 
In such a manner, it is possible to split existing pipes 
into six arc-shaped pieces by means of the cutting part 
1 1 in which the outer sides thereof is divided into six 

is equal circumferential parts, and give the deflection 
within the limit of elasticity to each arc-shaped piece 1a 
to press each arc-shaped piece into the ground by 
means of the expanding part 1 2 in which the outer sides 
thereof is divided into six equal circumferential parts, 

20 and thereby form a space 21 m and draw PE pipes into 
the space. 

In any case, into how many arc-shaped pieces to 
split the wall of existing pipes 1 is determined as follows. 
In order to produce the deflection 6 in arc-shaped 

25 pieces without breaking arc-shaped pieces 1 a, modules 
of longitudinal elasticity E is determined according to 
material of existing parts 1a, and deflection 6 is set 
according the condition of length of expanding part 12 
and others. Then, the number of dividing of existing pipe 

30 is determined according to the width of arc-shaped 
pieces 1a which satisfies moment of inertia of area I cal- 
culated from the above-mentioned modules of longitudi- 
nal elasticity E and the deflection 6. 

In the above-mentioned example, cutter bodies 14 

35 comprised of plate-like shanks 14a to 14i are provided 
on main body 1 1a, by which cutting part 1 1 is formed. 
However, in the present invention, a cutter as cutting 
tool is not restricted to the above-mentioned cutter bod- 
ies. As shown in Fig. 15, it is possible to use preferably 

40 the cutter bodies having continuous cutting edges 22 
comprised of a plurality of cutting edges which stand in 
line. When attaching such continuous cutting edges 22 
yo main body 1 1 a, it is needed to fix the continuous cut- 
ting edges to the main body 11a with the incline corre- 

45 spending to the length of main body 11a and the final 
depth of grooves 1a formed in cast iron pipes 1 . Partic- 
ularly, when using the continuous cutting edges 22, 
since there is a fear of the continuous cutting edges 22 
being broken when a force is applied to main body 11a 

so in the rotating direction, as shown in Fig. 1 5(b), it is pref- 
erable to strengthen the continuous cutting edges 22 
with trapezoid block 1 1b. 

Further, it is possible to use a broach(not shown in 
the drawings) as cutting bodies. As such a broach, a 

55 broach can be used in which the broach has the square 
section as shown in Fig. 5, and four cutting edges are 
integral parts of the broach or a broach corresponding 
to grooves 1b to be formed in the inner wall of cast iron 
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pipes 1 can be used. 

In the above-mentioned pipe replacement device A, 
cutting part 1 1 , expanding part 12 and connecting part 
13 are held together as a unit. Therefore, in case of 
bending of a pipeline made of cast iron pipes 1 being 5 
caused by the land subsidence and others, there is a 
fear that heavy bending forces generated with the bend- 
ing of a pipeline made of cast iron pipes 1 are imposed 
upon pipe replacement device A so that breaking of cut- 
ting edges 15a is generated or shanks 14a to 14i are 
broken. Accordingly, a pipe replacement device B 
according to a second embodiment of the present 
invention is preferably provided, in which the pipe 
replacement device B includes a flexible joint as shown 
in Fig. 1 6 so that the pipe replacement device B can fol- 
low the bending of a pipeline made of cast iron pipes 1 
even in the case where the bending of a pipeline made 
of cast iron pipes 1 has been formed. 

Then, referring to Figs. 16 and 17, wherein like ref- 
erence characters designates the same parts as in the 
first embodiment A or parts which functions in the same 
manner as in the first embodiment A, and the explana- 
tion upon them is omitted, the structure of pipe replace- 
ment device B according to the second embodiment is 
explained in detail. 

As shown in Figs. 16, 17, pipe replacement device 
B has a dividing part 23 between cutting part 1 1 and 
expanding part 12. Bending joints 24, 25 are arranged 
between cutting part 11 and dividing part 23 and 
between dividing part 23 and expanding part 12, 
respectively Namely, pipe replacement device B has 
two articular parts by the two bending joints 24, 25 
being provided in pipe replacement device B, by which 
even in the case where the bending of a pipeline made 
of cast iron pipes 1 has been generated, the pipe 
replacement device B can sufficiently follow the bending 
of a pipeline made of cast iron pipes 1 by realizing the 
relative free displacement of cutting part 11 and 
expanding part 12 by means of bending joints 24, 25. 

The dividing part 23 has the same function as in 
side expanding rollers 20. Namely, dividing part 23 
splits cast iron pipes 1 having grooves 1b which has 
been formed in cutting part 1 1 by forces applied to cast 
iron pipes 1 forces to form arc-shaped pieces 1 a. Partic- 
ularly, the dividing part 23 of pipe replacement device B 
applies to cast iron pipes 1 in the vertical direction to 
split the cast iron pipes, and at the same time breaks 
bolts by which split sleeves 16 are connected with each 
other. Accordingly, cast iron pipes 1 can be surely split 
regardless of forms and materials of split sleeves 16 or 
other pipe joints. 

Therefore, dividing part 23 is provided with a plural- 
ity of dividing rollers 23a to 23d. Each dividing roller is 
composed of a pair of rollers which are arranged so that 
the outsides of a pair of rollers are located on a line of ss 
vertical direction. Dividing rollers 23a to 23d are dis- 
posed at a given pitch in the axial direction of cast iron 
pipes. Rollers forming each dividing rollers 23a to 23d 



have crowns which can be made into contact with the 
inside of cast iron pipes, respectively. The above-men- 
tioned rollers forming each dividing rollers are mounted 
rotatabfy on a shaft attached to a main body 23e. Diam- 
eters of rollers forming one dividing roller of dividing roll- 
ers 23a to 23d have different from those of rollers 
forming another dividing roller of dividing rollers 23a to 
23d so that forces corresponding to a change in diame- 
ter of roller of from dividing roller 23a to dividing roller 
23d can be applied to cast iron pipes 1 in the vertical 
direction. Further, a pair of rollers forming each dividing 
rollers 23a to 23d are brought into contact with each 
other, by which reaction forces can be supported when 
splitting cast iron pipes 1. 

Bending joint 24 is comprised of two balls 26. One 
bail 26 is secured to main body 11a of cutting part 11 
through screw 27 (as shown in Fig. 17(b)) and another 
ball 26 is secured to main body 23e of dividing part 23 
through another screw 27. These balls 26 are seated 
rotatably within casting members 28a, 28b, 28c, which 
are divided into three parts, respectively, by which the 
cutting part 1 1 can bend to the dividing part 23. 

Namely, each of the balls 26 have a spherical part 
exceeding at least hemisphere, wherein the spherical 
part has a plane intersecting with spherical surface off a 
center of sphere. Each ball 26 is provided with a screw 
27 on the opposite to the plane. Each of the casing 
members 28a, 28b is formed with a hole through which 
a screw 27 can be pass, with a semispherical seat for 
receiving a half of ball 26 formed on the side of screw 
27a, and with female screw (not drawn in the drawings) 
having sufficiently larger than the diameter of ball 26 
and being an integral part of the seat. Further, casing 
member 28c is formed with a male screw which is 
engaged with female screws formed in each of casing 
members 28a, 28b, on both outsides of the casing 
member 28c, and with a seat for receiving the side of 
ball 26 at which the plane is formed, inside the casing 
member 28c. 

Then, a procedure of forming the above-mentioned 
bending joints 24 is explained. First, under the state 
where screws 27 are f itted in main body 1 1a of cutting 
part 1 and main body 23e of dividing part 23, respec- 
tively, the screws 27 are engaged with balls 26, and 
locking of screws 27 with balls 26 is made, respectively. 
In this state, cutting part 1 1 is not connected with divid- 
ing part 23. Thereafter, both balls 26 are opposed to 
each other, wherein female screws of casing members 
28a, 28b are engaged with male screws of casing mem- 
ber 28d, and locking of the screws of casing members 
28a, 28b with male screws of casing member 28c is 
made, respectively, so that balls 28 are seated inside 
casing members 28a, 28b, 28c so as to be rotatabie on 
casing members 28a, 28b, and 28c, by which the 
degree if freedom of bending of cutting part 1 1 against 
dividing part 23 can be obtained. 

The bending joint 24 formed as mentioned herein- 
above enables for drawing forces in the axial direction of 
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cast iron pipes to be transmitted by contact of the sur- 
face of balls 26 with the seats formed on the inside of 
casing members 28a, 28b, and 28c. 

Bending joint 25 is in the same manner as the 
above-mentioned bending joint 24, wherein ball 26 is s 
connected with main body 12a of expanding part 12, 
however main body 23e of dividing part 23 is directly 
connected with casing member 28c. Though range of 
bending angle in bending joint 25 formed as mentioned 
hereinabove is narrow as compared with the above- 
mentioned bending joint 24, bending joint 25 does not 
differ from bending joint 24 in function. 

In pipe replacement device B formed as mentioned 
hereinabove, when a pipeline of cast iron pipes 1 has 
been bent bending joints 24, 25 are displaced corre- 
sponding to the bending of pipeline so that dividing part 
23 are leaned against cutting part 11, while expanding 
parts 12 are leaned against dividing part 23, by which 
excessive twisting force cannot be given to the whole of 
pipe replacement device B. Accordingly, there is no fear 
that cutting edges 15a are broken, since drawing force 
of pipe replacement B is unnecessary to be increased. 

As explained in detail, in a method for replacement 
of existing pipes according to the present invention, it is 
possible to split existing pipes into arc-shaped pieces 
being adjacent to each other at a given circumferential 
pitch, while drawing new pipes into a space surrounded 
by arc-shaped pieces, so that a pipeline formed of new 
pipes and protective armors which are made come 
closely into contact with the new pipes to be integrated 
with new pipes. Accordingly, regardless of the inner 
diameter of existing pipes, it becomes possible to carry 
out the construction of replacement of existing pipes in 
one process, and therefore to reduce a term of works. 

Particularly, by dividing the circumference of exist- 
ing pipes at the preset angular intervals to form a plural- 
ity of arc-shaped pieces, it is possible to press the arc- 
shaped pieces into the ground with merely handling the 
arc-shaped pieces as cantilevers, without consideration 
about expanding of arc-shaped pieces in the circumfer- 
ential direction. Accordingly, even if material of existing 
pipes has the brittleness as cast iron, it is possible to 
form arc-shaped pieces in a favorable state and press 
them into the ground, and besides to consolidate the 
ground together with pressing of arc-shaped pieces into 
the ground, by forming expanding means into a shape 
with such an incline that the deflection within the limit of 
elasticity of material of existing pipes can be produced 
in arc-shaped pieces. 

Further, in a pipe replacement device, it is possible 
to produce the deflection in arc-shaped pieces, and 
press the arc-shaped pieces into the ground together 
with consolidating of the ground, by expanding rollers 
mounted on expanding means. Accordingly, a tunnel- 
like space surrounded by arc-shaped pieces pressed 
into the ground and consolidated ground. Further, pro- 
tective armors formed of arc-shaped pieces disposed 
around new pipes can be formed by drawing new pipes 



into the tunnel-tike spaces together with the forming of 
the tunnel-like space. 

Further, since cutting means has cutter bodies in 
which cutting edges are arranged in a line in such a 
manner that the distance between a center of the cut- 
ting means and tips of the cutting edges becomes larger 
in order forward side toward the backward side, grooves 
can be formed in the inner wall of cast iron pipes 
together with the forward movement of cutting means, 
so that splitting of existing pipes can be achieved surely. 

Further, by providing side expanding rollers for giv- 
ing a force of the diametral direction and rotary cutters 
to existing pipes behind cutting means, it is possible to 
split joints of existing pipes or sleeves for branch pipe or 
repairing parts in a favorable state. Accordingly, even if 
any parts are attached to buried joints, these parts can 
be split in the same manner as in existing pipes. 

Further, by providing a guide behind cutter bodies, 
it is possible to surely split existing pipes and guide 
expanding of the circle connecting arc-shaped pieces. 

Claims 

1. A method for replacement of existing pipes buried 
in the ground with new pipes comprising the steps 
of: inserting cutting means including cutter bodies 
into the inside of existing pipes, wherein said cutter 
bodies are arranged at angular intervals in the cir- 
cumferential direction and each of the cutter body 
has cutting edges arranged in a line and positioned 
in such a manner that distances between the 
respective cutting edges and the center of the circle 
become larger in order from the forward side toward 
the backward side of the cutting means; traveling 
the cutter means from the forward side toward the 
backward side of the existing pipes in the existing 
pipes, thereby forming a plurality of grooves run- 
ning in the axial direction of the existing pipe, and 
traveling, following the cutting means, a plurality of 
expanding rollers which are arranged at axial inter- 
vals and positioned between cutter bodies being 
adjacent to each other in the circumferential direc- 
tion, thereby splitting, starting from the grooves, the 
existing pipes into a plurality of arc-shaped pieces 
continuing in the longitudinal direction and pressing 
the arc-shaped pieces into the ground while deflect- 
ing them within the limit of elasticity of material of 
existing pipes in such a direction that distances 
between the respective arc-shaped pieces and the 
center of the existing pipes can be made larger 
from the forward side toward the backward side of 
the existing pipes, by which a space surrounded by 
the arc-shaped pieces and portions of consolidated 
ground can be formed; and introducing new pipes 
into the spaces, by which the new pipes can be bur- 
ied while protective armors formed of the arc- 
shaped pieces are arranged around the buried new 
pipes. 
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2. A method for replacement of existing pipes as 
claimed in claim 1, wherein expanding of existing 
pipes with the grooves in the diametral direction 
perpendicularly to the grooves is made so that the 
existing pipes can be split starting from the grooves, 
while splitting of joints of the existing pipes, sleeves 
for branch pipes or repairing parts is made by rotary 
cutters positioned corresponding to the grooves. 

3. A method for replacement of existing pipes as 
claimed in claim 1 or 2 wherein the existing pipes 
are cast iron pipes, and new pipes are plastic pipes 
or steel pipes. 

4. A pipe replacement device wherein the device is 
traveled in the existing pipes to be replaced in such 
a manner that the existing pipes can be split in the 
longitudinal direction into a plurality of arc-shaped 
pieces, the arc-shaped pieces are pressed into the 
ground so as to form a space surrounded by a plu- 
rality of the arc-shaped pieces and portions of con- 
solidated ground, and then introducing of new pipes 
into the space is made, the pipe replacement 
device comprising cutting means arranged on the 
forward side of the device, an expanding means fol- 
lowing the cutting means, and a connecting means 
following the expanding means, wherein the cutting 
means is provided with cutter bodies, each of the 
cutter bodies including a plurality of cutting edges 
arranged in a line, and said cutter bodies being 
positioned at angular intervals in the circumferential 
direction, wherein distances between the respec- 
tive cutting edges and the center of the circle 
become larger in order from the forward side toward 
the backward side of the cutting means, and the 
expanding means has groups of expanding rollers, 
said groups of expanding rollers being arranged at 
axial intervals and positioned between cutter bod- 
ies being adjacent to each other in the circumferen- 
tial direction, wherein expanding rollers positioned 
on the forward side out of said groups of expanding 
rollers can split the existing pipes into a plurality of 
arc-shaped pieces continuing in the longitudinal 
direction, while deflecting the arc-shaped pieces 
within the limit of elasticity of material of the existing 
pipes centering on points being away from the arc- 
shaped pieces toward the outside thereof, and 
wherein said connecting means has a chuck for 
connecting the expanding means with the pipes. 

5. A pipe replacement device as claimed in claim 4 
wherein each of the cutter bodies comprises a plu- 
rality of plate-like shanks arranged coaxially 
wherein carbide tips are planted on the outside of 
the respective shanks at angular interval in the cir- 
cumferential direction to form the cutting edges and 
distances between a center of the respective 
shanks and tips of the cutting edges on the respec- 



tive shanks differ from each other, wherein said 
shanks are mounted on a main body in such a man- 
ner that distances between a center of the main 
body and tips of the respective cutting edges 

s become larger in order from the forward side toward 
the backward side of the main body and a plurality 
of cutter bodies, each of said cutter bodies having 
the cutting edges arranged in a line are formed, by 
which the cutting means are formed of the catting 

10 bodies. 

6. A pipe replacement device as claimed in claim 4 
wherein the cutting bodies comprise continuous 
cutting edges formed in such a manner that dis- 

15 tances between a center of the cutting means and 
tips of the cutting edges become larger in order 
from the forward side toward the backward side of 
the cutter bodies and wherein the continuous cut- 
ting edges are mounted in a main body at circum- 

20 ferentiaJ intervals to form the cutting means. 

7. A pipe replacement device as claimed in any of 
claims 4 to 6 wherein the cutter bodies are provided 
with side expanding rollers on the backward side of 

25 the cutter bodies, said side expanding rollers 
expanding the existing pipes in the diametral direc- 
tion in such a manner that the width of groove posi- 
tioning along a line intersecting perpendicularly to 
the diametral direction can be increased, wherein 

30 said side expanding rollers are provided with rotary 
cutters for splitting of joints of the existing pipes, 
sleeves for branch pipe or replacing parts at the 
backward side of the side expanding rollers. 

35 8. A pipe replacement device as claimed in claim 7 
wherein each of the side expanding rollers has 
cylindrical surface in central portion in the direction 
of the thickness of the outer surface of each side 
expanding roller and curved or tapered surfaces 

40 adjacent to the cylindrical surface on upper and 
lower sides of the cylindrical surface, and wherein 
the curved or tapered surfaces are brought into 
contact with the inner wall of the existing pipes, 
while the cylindrical surfaces of the side expanding 

45 rollers are brought into contact with each other. 

9. A pipe replacement device as claimed in any of 
claim 4 to 8 wherein the expanding means has a 
tapered main body, a plurality of the expanding roll- 
50 ers are arranged about a point on an axial center 

line, each of the expanding rollers has a circumfer- 
ential surface and both tapered laterals adjacent to 
the circumferential surface, said circumferential sur- 
face is brought into contact with the inner wall of the 
55 existing pipes while the tapered laterals are brought 
into contact with each other. 

10. A pipe replacement device as claimed in any of 
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claims 4 to 9 wherein the pipe replacement device 
comprises guides for adjusting a space between 
arc-shaped pieces formed of by splitting of the 
existing pipes while a circle connecting the adjacent 
arc-shaped pieces are expanded, at positions $ 
which corresponds to the positions of the cutting 
edges of the cutting means, on the outside of the 
tapered laterals. 
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FIG.5 
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FIG.8 
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FIG.9 
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FIG.11 




24 



EP0872 679A1 



FIG.12 




EP0 872 679A1 



FIG.13 




26 



EP0 872 679A1 



FIG.14 





27 



EP0 872 679A1 




28 



EP0 872 679A1 




29 



EP0 872 679 A1 



FIG.17 




30 



EP0872 679A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 98 10 6795 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate. 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION flnt.Cl.6) 



A.O 



PATENT ABSTRACTS OF JAPAN 

vol. 015, no. 021 (M-1070), 17 January 

1991 

& JP 02 266185 A (NIPPON STEEL CORP), 30 
October 1990, 

* abstract; figures 1-11,15-20 * 

EP 0 324 287 A (BRITISH GAS PLC) 19 July 
1989 

* figures 1,2 * 



1-10 



F16L55/165 



1-10 



TECHNICAL FIELDS 
SEARCHED (lnLCI.6) 



F16L 



The present search report has been drawn up tor all claims 



Place olsracft 

THE HAGUE 



Oat* ol completion of the March 

1 July 1998 



Budtz-Olsen, A 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant it taken alone 

Y : partiamarty relevant tt combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document but published on. or 

after the filing date 
O : document erred in the application 
L : document cited for other reasons 



& : member of the same patent family, corresponding 
document 



31 



